Exhausted molecular sieves sorbent media (EMSSM) used in the purification of petroleum gases is considered industrial waste causing disposal problem. This work carried out to utilize this waste in the treatment of industrial wastewater .X-Ray analysis revealed that the main constituents of (EMSSM) are like bentonite and most clay. (EMSSM) material was tested in different forms (untreated, chemically treated, thermally treated) for remove these parameters from industrial wastewater (organic matter, oil and grease, turbidity and some metal) which tested as jar test with and without ferric chloride as flocculants ,the chemical and thermal treatment were applied on (EMSSM) in order to increase its adsorption efficiency . Characteristics of these sorbents were investigated by X-ray diffraction, Energy Dispersive X-Ray (EDX), thermogravimetric analysis (TGA). The untreated, chemically treated, thermally treated (EMSSM) were found to remove organic matter from industrial wastewater with removal percentage reached to (70.47%), (78.63%) and (86.81%) respectively. The factors affecting the removal percentage such as time, dose, pH and temperature were investigating to assess the optimum conditions for turbidity, organic matter and oil and grease removal.
INTRODUCTION
Natural gas is a valuable resource both as a clean source of energy and as a chemical feedstock. Before use, it has to pass several processing steps.
These steps are necessary to be able to transport the gas over long distances and for the recovery of valuable components contained in the gas.
Molecular sieve is one of potential stages for natural gas cleaning that could be applicable for removal of mercury, water, others, this sieve depends on zeolite structure, numerous zeolite species that differ in chemical composition, crystal structure and adsorption properties are known (Bekkum and Jacobs, 2001) . After several times of operation, molecular sieves were exhausted. The amount of exhausted molecular sieves is approximately high, where total quantities of molecular sieves contaminated is 50 ton / year in natural gas sector in Egypt (personal communication).
Clay minerals, such as bentonite and zeolite, are some of the potential alternatives, as they have large specific surface areas with a net negative charge, which can be electrically compensated for by inorganic and organic cations from water (Konig et al., 2012) compared to poly aluminum chloride.
Their sorption capabilities come from their high surface areas and exchange capacities (Babel and Kurniawan, 2003) . It is a highly effective natural clay mineral, especially in granular form, used for the purification of wastewater and sludge dewatering.
Clay used in conjunction with alum or ferric chloride, result in improved turbidity and colour removals from wastewater (Mittal and Mehrotra, 1981) . Hewaihy et al Vol. 36, No.1, Dec. 2016 33 Kendall (1996) indicated that, the efficiency of clay could be improved with acid activation of some clay such as sodium-bentonite "NaB", calciumbentonite "CaB", beige sepiolite "BeS", and brown sepiolite "BrS". The "thermal activation process" suggested by (Juang et al., 1997 ) was also applied.
Also acid treatment was used to remove cations from the crystal structure to give clay with improved porosity and higher surface area, which enhance both adsorption capacity, and chemical properties such as ion exchange capacity and catalytic activity (Kendall, 1996) . (Dilek and Bese, 2001) , (Stephenson and Duff, 1996) , was found, the use of clay as a coagulant aid in water treatment by alum , ferric chloride and lime the turbidity and colour removal efficiency was improved to some extent, especially at combinations with low alum or ferric chloride dose, for the clays tested.
The use of clay mineral has undoubtedly become more popular and widely used as an adsorbent and ion exchange for water and wastewater treatment applications especially for removing heavy metal, organic pollutants, and nutrients (Abdelaal, 2004) .
Some zeolites also show adsorption of organics and anions from aqueous solution. Modification of natural or synthetic zeolites can be done by several methods such as acid treatment, ion exchange where the modified zeolites achieving higher adsorption capacity for organics (Wang and Peng, 2009 ).
This work is dealt with the reuse of untreated, thermally and chemically treated petroleum gas molecular sieves to be used as clay in the treatment of wastewater.
MATERIALS AND METHODS

(EMSSM) source:
The exhausted molecular sieves sorbent agents were collected from Natural gas treatment process unit in Alexandria-Egypt.
The typical and powder (EMSSM) photographs are shown in Figure ( 1):
Figure (1): typical and powder (EMSSM)
Chemical treatment of (EMSSM):
The chemical treatment of (EMSSM) was conducted as follows:
A known weight of powdered used (EMSSM) was contacted with different concentrations of hydrochloric acid [1% to 5 %], then shaked in a thermostatic water bath shaker for 2 hours at room temperature. Finally, variable weights of the tested (EMSSM) were contacted with industrial waste water samples and phases were separated by centrifugation and filtration.
Thermal treatment of (EMSSM):
The thermal treatment of (EMSSM) was conducted as a known weight of powdered used (EMSSM) was heating in burning oven for 4 hour at 400, 600 and 800 0 C, and left to cool in the desiccator until use. -X-ray analysis of (EMSSM):
The (EMSSM) was analysed using the following devices:
1-X-Ray diffraction (XRD) was measuring by XRD spectrophotometer, X'pert pro-PAN Analytical 2-Energy Dispersive X-ray System, ISIS Link Instrument P/C. Oxford Co.
-Ignition loss was measured by heating of (EMSSM) at 700 o C until constant weight was obtained.
-Elements in (EMSSM) and aliquot were quantifying using Atomic Absorption Spectrometer, Solaar S-4 S-Series Thermo Electron Corporation UK.
Industrial wastewater analysis:
-Turbidity was measured in nephelometric turbidity units (NTU) using Helige digital direct reading turbidmiter.
-Water conductivity was measured in microsiemens (μ.s) using conductivity meter model 32 Yellow springs instrument Co.Inc.U.S.A.
-Total suspended solids (TSS) was measured by filtering the wastewater samples through a weighed standard glass-fiber filter with 0.2 μm diameter. The residue on the filter was dried at 110ºC. The increase in the weight of the filter represents the total suspended solid.
-pH of wastewater was measured by accumet pH meter model 810 Fisher scientific.
-Solution cations, sodium, potassium, ammonium, magnesium, and calcium were analyzed using a Dionex Ion Chromatograph.
-The organic matter expressed as KMnO 4 was determined by consumption of KMnO 4 in acidic solution.
-The removal efficiency (% Removal) was calculated from this formula:
Where, C o and C = Oil and grease, organic matter, TSS and turbidity contents of wastewater (mg/l) before and after coagulation treatment, respectively.
-Physical and chemical parameter measurements were carried out according to (APHA, 2012) .
clarification processes:
Jar tester contains six (1 liter) beakers in conjugation with multiple stirrers was used. Each beaker was filled with one liter of raw water and stirred at 100 rpm. The different doses of coagulant were added rapidly and stirred for 3 minutes. The stirring rate was then reduced to 50 and 20 rpm for a period of 5 and 10 minutes, respectively to allow complete floc formation, and then stirring was stopped. The relative settling rate, floc size and supernatant clarity were recorded . After a settling period of 15 minutes, 250 ml of supernatant water were siphoned -off for further analysis.
RESULTS AND DISCUSSION
1. Analysis of the untreated exhausted, thermally and chemically treated molecular sieves sorbent media (EMSSM):
1.1-Chemical analysis:
The chemical analysis of the untreated, Chemically treated and thermally treated at 600° C of (EMSSM) are listed in Table ( (Betancourt , (2013) ), ( Zhao, G, 2010) , ( Samiey , 2014) Figure (2): X-ray diffraction of (EMSSM).
The untreated, thermally treated and chemically treated (EMSSM) were analyzed by using; Energy Dispersive X-ray System. Results are shown in Table ( 2) show the effect of chemically and thermally treated (EMSSM) on the coagulation performance (expressed as turbidity value NTU). The data presented in Table ( 2) showed that the best efficiency (expressed as turbidity removal) for chemically treated (EMSSM) which achieved by 4% HCl for 2 hours at room temperature, and for thermally treated at 600 0 C. Thus, they were chosen as best condition for activation of (EMSSM) to complete the flocculation performance.
The untreated and above mentioned thermally and chemically treated (EMSSM) were evaluated as coagulant agents for the treatment of industrial waste water having turbidity valued (13 NTU), Oil and grease (13.7 mg/l) and organic matter (22 mg/l)and the data obtained by using untreated (EMSSM) is compared with that obtained by using thermally and chemically treated (EMSSM). The best conditions for flocculation were studied in terms of (EMSSM) dosage , pH, settling time and combination of different ferric chloride concentration.
Effect of different EMSSM dosage on the coagulation performance:
The dose evaluation was done for the three EMSSM types (untreated, thermally and chemically treated). Table ( 3) showed the variation of dosage concentration (1-8%) on the adsorption performance of the three studied sorbent agents using the industrial wastewater. The pH was adjusted at 7.5. It is evident, regardless of the type of sorbent agents and turbidity values that the best flocculation increases by increasing the dosage concentration up to 6 % after which level off occurs. Overdosing higher than 6% resulted in the reversal of particle in the liquor solution due to the adsorption of excess (sorbent agents) molecules and it is difficult for the particles to form flocs because of electronic repulsion of the adsorbed agents. gives higher flocculation performance than the other untreated (EMSSM). Table (4) show the effect of the pH of the industrial wastewater on the adsorbent performance (expressed as turbidity value NTU, oil and grease mg/l and organic matter mg/l) of untreated, chemically and thermally treated (EMSSM).
Effect of different pH on adsorbent performance:
The dosage of three examined flocculants was adjusted at 6%. The adsorbs ion performance after 45 min settling time was measured as a function of the turbidity (NTU), oil and grease and organic matter.
It is well known that the best flocculation occurs when the net charge at the surface of the coagulant and suspended participles is approximately zero.
Suspended matter in water with its negative charge will be absorbed at the (EMSSM) surface as sorbent agent and best adsorption with highly magnitude of negatively charged suspended particles removal was obtained at pH 7.5 -9.5 for the three examined coagulant substances (untreated, chemically and thermally treated EMSSM). The adsorption performance for thermally treated and chemically treated (EMSSM) is better than for untreated (EMSSM). Table ( 5) represent the effect of the contact time on the adsorption performance expressed as turbidity value (NTU), oil and grease (mg/l) and organic matter (mg/l), using untreated, thermally and chemically treated (EMSSM).The dosage concentrations and pH were adjusted as previous optimum conditions. It can be seen that by increasing the settling time from 5-60 min the turbidity, organic matter and oil and grease values of were decreased. The more suspended fine particles in water need more time for sedimentation in a colloidal particle. A particle of diameter 0.1 mm needs 38 sec for sedimentation. Meanwhile, a particles of diameter 1X10 -5 mm need 6.3 year for sedimentation (Faust and Aly 1998) .
Effect of different contact time:
The turbidity (NTU), oil and grease (mg/l) and organic matter (mg/l) values when using untreated (EMSSM) agent is less than that of the values obtained by thermally and chemically treated (EMSSM. However, for the removal % of turbidity, oil and grease and organic matter using thermally treated (EMSSM) is greater than chemically treated mean that thermally treated (EMSSM) have the more effective action for adsorption performance.
Table (5):
Effect of Settling time on the turbidity,oil and grease and organic matter removal in water.
(EMSSM) dosage for untreated, chemically and thermally treated= 6 % and pH 8 at room temperature.
The data obtained in Table ( is that ferric chloride used in best water flocculation with a concentration of 35-40 ppm which give turbidity value 2.74(NTU). Also, from our previous data best flocculation for our studied compounds was 6 ppm. Combination between ferric chloride and the studied three sorbent agents is associated by pronounced decrease of its concentration to25 ppm for ferric chloride and 4%
for the studied three sorbent agents. Moreover, the quality of clarification is more improved than that obtained for each component alone. For intense, the turbidity value (NTU) for 4% dosage, chemically treated (EMSSM), thermally treated and untreated (EMSSM) 4. 23, 3.26 and 5.74 (NTU) respectively Table ( 3) against turbidity value of 1.23, 1.11and 2.42 (NTU) for 4% chemically, thermally and untreated (EMSSM) respectively with 25 ppm ferric chloride Tables (6-8 ). Nevertheless the data obtained from Tables (7, 8) shows that at constant ferric chloride concentration (25 ppm) the variation of flocculation performance as turbidity function follow the following sequence:
Thermally treated (EMSSM) + 25ppm ferric chloride > chemically treated (EMSSM) +25ppm ferric chloride > untreated (EMSSM) +25ppm ferric chloride >25 ppm ferric chloride. Industrial wastewater sample of (13 NTU), pH 8 and settling time 45 min.
Characteristic of treated water:
To explain clearly the importance of this study a collective table was made to compare the characteristic of industrial wastewater taken as a control, with that after independently treated with 25 ppm of ferric chloride and 4% of three studied different (EMSSM).
It can be seen that the conductivity upon use of ferric chloride caused an increasing of its value (1357µS) than that of the industrial wastewater (1375µS) while, treated and untreated (EMSSM) showed a slight increase when a mixture of both of them and ferric chloride was used.
The turbidity of the treated water was considerably decreased by using mixture of ferric chloride and treated (EMSSM) and reached to lowest turbidity values of 1.5 NTU against a value of (2.3) NTU obtained using combination of ferric chloride with untreated (EMSSM). The total alkalinity was affected by treatment with ferric chloride , (EMSSM) or their admixture and the recorded values were 109, 118, 111, 122, 114, 121 and110 respectively , while that of industrial waste water was 167.
With respect to the total hardness it was affected with the treatment by, treated and untreated (EMSSM) or their mixture with ferric chloride.
The results in Table ( 9) assured the fact that using ferric chloride (40 ppm) or treated and untreated (EMSSM) (6 ppm) caused a significant reduction of organic matter expressed as KMnO 4 and oil and grease mg/l of the treated water. 
